It has been well established that osteoclasts are the main cells for bone resorption.
1, 2） Until now, many studies were performed to clarify the mechanisms of bone resorption by osteoclasts and of cell differen tiation of osteoclasts. Based on these results, new therapies to regulate the bone destruction in bone diseases have been also developed.
3, 4）
However, it has been still controversial whether the cells other than osteoclasts destruct bone or not.
Bisphosphonates (BPs) are analogues of pyro phosphate with a potent inhibitory effect on bone resorption by osteoclasts. 5, 6） They have been used as therapeutic agents in many bone destruction disorders, such as Paget's disease, metastatic bone diseases, malignant hypercalcemia, and osteoporosis.
7～9）
Many derivatives of BPs have been developed by the modification of the chemical residues of carbon.
Among these derivatives, nitrogencontaining BPs (NBPs) is most powerful agents to inhibit bone re sorption. 10, 11） Alendronate is one of the typical BP.
Our previous study indicated that a single injection of alendronate at the dosage of 1.6 mmol/kg inhibit osteoclastic bone resorption for 1 week.
12）
Rheumatoid arthritis (RA) is characterized by
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24～27）
Collectively, these results strongly suggest the possible bone destruction by neutrophils.
In this study, to confirm the hypothesis that neutro phils could degrade bone matrix in a more direct way, we examined whether bone destruction in collagen induced arthritis (CIA) was prevented by BP treatment and the possibility of bone destruction by neutrophils.
Materials and Methods
The experimental protocol used was reviewed and approved by the Animal Care Committee of Showa University.
Mice and reagents
Male DBA/1 mice (6 weeks old) raised under specific pathogenfree conditions purchased from Saitama Breeding Laboratory, Saitama, Japan. Bovine type II collagen prepared by Collagen Research Center (Kiyose, Japan) was purchased from CosmoBio Inc., Tokyo, Japan.
The nitrogencontaining bisphosphonate, alendro nate, was synthesized by ourselves.
12）
Alendronate was dissolved in sterile saline and their pH adjusted to 7
with NaOH. This solution was injected intraperitoneally (i.p., 0.1 ml per 10 g body weight).
Biotinylated monoclonal antibodies, Gr1, and non labeled Mac1 were purchased from PharMingen, San
Diego, CA. Fluorescent isothiocyanate (FITC)labeled goat antirat IgG antibody and streptavidinFITC were purchased from Jackson Immunoresearch Lab., West
Grove, PA.
Induction of collagen-induced arthritis
Arthritis was induced in DBA/1 mice by the injection of the mixture of type II collagen and Freund's complete adjuvant. The emulsion consisted of 1 ml of 0.2% type II collagen in 0.01 M acetic acid and 1 ml of the adjuvant were made by mixing homogenously with the sonicator and 50 µ l of the mixture was injected intradermally at the root of the mail of DBA/1 mice of 7 weeks old age (first sensitization). Three weeks later, the same mixture was again injected in the same way (second sensitization).
The severity of the joint inflammation in each mouse was quantified by scoring each paw on a scale of 0 to 4. The incidence of arthritis and total of the score for all four paws were used as indices of the arthritis produced. At 8 weeks after the second sensitization, mice were killed and processed for the following experiments.
Administration of bisphosphonates
Alendronate (1.6 µ mol/kg) was i.p. injected once per week from 1 week earlier than the sensitization to eliminate the possibility of bone resorption by osteo clasts. In the control group, same volume of saline was i.p. injected at the same intervals. Figure 1 showed the effect of alendronate on collageninduced arthritis. Compared with the saline group, the alendronategroup showed a higher arthritic score at every time point. However, no significant differences were detected between two groups.
Results
Effect of alendronate on arthritis
Flow cytometric analysis of hematopoiesis in arthritis
To simplify the analysis, we used mAbs Gr1 Forward and sidescatter analysis revealed an increase of granulocyte population in bone marrow in arthritis (Fig. 2) [salinegroup] to 41.2%), however, no significant differences was detected between two groups.
Histological analysis of joints in arthritis mice
In both groups, severe arthritis was observed in the joints. Severe synovial proliferation with pannus formation, cartilage erosion and massive infiltration of inflammatory cells into the joint were evident in both groups (Fig. 3A, B) . Marked bone destruction around the joint was also detected in salinegroup (Fig. 3A) .
TRAP staining indicated that many osteoclasts were located along the bone surface and resorbed bone in salinegroup (Fig. 3C) , which indicated the active bone resorption and destruction by osteoclasts. Severe bone destruction was also evident in alendronategroup (Fig.   3B ). However, only a few osteoclasts were detected at bone destructive area. Furthermore, these osteoclasts were located apart from the bone surface (Fig. 3D ).
Many polymorphonuclear cells were detected on the surface of destructive bone (Fig. 3D ).
The effect of alendronate on bone resorption in the growth plate of tibias was shown in Fig. 4 . The number of bone trabecula at the growth plate was markedly increased in the alendronategroup (Fig. 4B ) compared to salinegroup (Fig. 4A) . These results indicated that alendronate strongly inhibited the physiological bone resorption mediated by osteoclasts.
Ultrastructural detection of bone destruction in alendronate-group
In severe bone destruction area, the surface of bone showed irregular margin where many granulocytes were accumulated (Fig. 5A, Fig. 6A ). In addition to ragged margins, obviously destructive alteration of the bone could be observed. Some of the granulocytes adhering to the bone were in a degradation process (Fig.   6A ). No cell membrane could be detected and small electron dense granules were scattered extracellularly (Fig. 6B) . Furthermore, bonelining cells could not be detected around these destructive bone surfaces (Fig.   5A , Fig 6A) .
The collagenous fibers in surface layer of bone matrix became obscure or still observed in the matrix at the superficial layer. However, these fibers were apparently thinner than those in the deep layer and evidently much more sparsely arranged (Fig. 5B) .
In some bone matrix adhering to the degradating neutrophils, collagenous fibers could not be detected (Fig. 6B ).
Discussion
The bone destruction in collageninduced arthritis was not prevented by alendronate treatment in this study. In salinegroup, massive bone destruction was detected which mediated by osteoclasts. On the contrary, almost few osteoclasts were localized on the bone surface in alendronategroup. Furthermore, the resorption of growth plate bone trabecula was critically inhibited by alendronate treatment. These results strongly suggested that the cells other than osteoclasts might destruct bone.
In alendronategroup, flow cytometric analysis indicated the enhancement of granulopoiesis (Gr1 + / Mac1 + cells) in the bone marrow, which was confirmed by the ultrastructural observation showing the massive accumulation of neutrophils on the bone surface. These In conclusion, we confirmed in this study that
(1) bone destruction in CIA was not improved by bisphosphonate, (2) neutrophils were accumulated on the destructed bone surface, (3) disappearance or ultrastructural alteration of collagen fibers were detected in the destructed bone matrix. Our results that neutrophils could degrade bone matrix might help to develop a new therapeutic procedure to treat RA with progressive bone destruction.
